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Growing neoplasms employ various mechanisms to evade 
immunosurveillance. The expression of non-classical MHC 
class I molecules by both immune and malignant cells in the 
tumor microenvironment constitute one of the strategies 
used by tumors to circumvent the cytotoxic activity of effector 
cells of the immune system. The overexpression of HLA-G, -E, 
and -F is a common finding across a variety of malignancies. 
However, while the presence of HLA-G and HLA-E has been 
recently correlated with poor clinical outcome, information on 
the clinicopathological significance of HLA-F is limited. In the 
present review, we summarize studies on non-classical MHC 
class I molecules with special emphasis on their role in the 
modulation of anticancer immune responses. 



Introduction 

Paul Erlich was the first to propose that the immune system 
would play a significant role in protecting the organism from 
cancer, putting forward the "tumor surveillance" hypothesis as 
early as in 1909. Unfortunately, the lack of adequate tools and 
sufficient knowledge did not allow for testing this hypothesis until 
several decades later. In 1957, Thomas and Burnet reintroduced 
Erlich's concept by proposing that specific lymphocyte 
populations act as sentinels, thus continuously recognizing and 
eliminating malignant cells before they can cause any harm. 
This tumor surveillance hypothesis gained support upon the 
identification of numerous tumor-associated antigens (TAAs). 1 
Thus, the presentation of TAA-derived antigenic peptides to 
effector antitumor lymphocytes should, at least theoretically, 
ensure the clearance of malignant cells. Numerous anticancer 
vaccines were developed based on the ever increasing number of 
TAAs. Unfortunately, the overall success of these vaccines was 
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limited by several reasons, including the fact that cancer cells 
and antigen presenting cells (APCs) downregulate expression of 
MHC class I molecules, which normally ensure the presentation 
of TAAs to effector cytotoxic T cells. Recent investigation has 
unveiled that neoplastic cells are effectively removed by a range 
of effector immune cells other than CD8 + T lymphocytes, 
including 78 T cells, natural killer (NK) and NKT cells, 2,3 and 
this irrespective of the limited amounts of classical MHC class I 
molecules present on their surface. Interestingly, tumors harness 
several resources to escape the immune system. As an example, 
malignant cells often overexpress non-classical MHC I molecules, 
which have been shown to hamper the cytolytic activity of several 
effector cells. The precise mechanisms underlying tumor-elicited 
immunosuppression are not yet precisely understood and are 
subject of intense investigation. 

One of these non-classical MHC I molecules, HLA-G was 
first described in 1987 by Geraghty and collaborators. 4 HLA-E 
and HLA-F, 2 additional members of this family, were described 
shortly afterwards. 5,6 HLA-G, -E, and -F have been denominated 
MHC class lb or non-classical MHC molecules because of 
multiple features whereby they differ from classical HLA-A, -B 
and -C molecules. Non-classical HLA molecules, in contrast to 
classical ones, are characterized by a low genetic diversity as well 
as by a particular expression pattern, structural organization and 
functional profile. 

In the present review, we will focus on the role of non-classical 
MHC class I molecules in the immunosuppressive mechanisms 
whereby malignant cells escape immunosurveillance. 

Genetic Organization and Polymorphism 
of Non-Classical MHC Genes 

The genes encoding non-classical HLA molecules are localized 
on the short arm of chromosome 6. 
HLA-G 

In contrast to classical HLA molecules, the polymorphic 
diversity of HLA-G is limited to 46 alleles (including 2 null 
alleles), 7 resulting in only 7 protein isoforms. Four of these 
isoforms are membrane-bound while 3 of them lack exons 
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5—7, hence existing as secreted forms. Of all membrane-bound 
HLA-G variants, HLA-G1 represents the sole full-length version 
of the molecule. Conversely, HLA-G2 does not contain exon 3, 
HLA-G3 is missing exons 3 and 4, and HLA-G4 does not include 
exon 4. The soluble isoforms of HLA-G (namely, HLA-G5, 
HLA-G6, and HLA-G7) contain part of intron 4, harboring a 
stop codon. This results in the expression of truncated proteins 
lacking exon 5, which encodes the transmembrane domain. 
HLA-G5, -G6, and -G7 represent the soluble counterparts of 
HLA-G1, G2, and-G3, respectively. 8 Interestingly, there is an 
additional soluble form of HLA-G resulting from the proteolytic 
cleavage of HLA-G1. 9 Similar to classical MHC class I molecules, 
HLA-G forms heterodimers with (32 microglobulin. In addition, 
HLA-G can form functionally active homodimers or tetramers. 
In fact, dimers and tetramers bind to HLA-G receptors (Table 1) 
with higher affinity than monomers. 10,11 
HLA-E 

HLA-E consists of 8 exons. Of these, the first encodes the 
leader peptide sequence, exons 2, 3 and 4 encode the MHC 
immunoglobulin-like ot domains 1, 2, and 3, respectively, 
exon 5 encodes the transmembrane domain and exons 6 and 7 
encode the cytoplasmic tail. Similar to HLA-G, HLA-E forms a 
complex with (32 microglobulin. To date, only 4 alleles of HLA-E 
have been described, namely E*01:01, E*0102, E*01:03 and 
E*01:04. However, the existence of E*0102 and E*01:04 could 
not be confirmed in recent studies. 12 Interestingly, these alleles 
only differ in a single amino acid that impacts on their peptide- 
binding affinity. 

HLA-F 

HLA-E consists of 8 exons and is organized in a similar 
way as HLA-E. Thus, the first HLA-E exon encodes the leader 
peptide, exons 2, 3, and 4 the MHC immunoglobulin-like 
a domains, exon 5 the transmembrane domain and exons 6 and 
7 the cytoplasmic tail. Three splicing variants of HLA-E have 
been described so far, leading to the synthesis of HLA-F isoforms 
that differ from each other in the length of the cytoplasmic tail. 
Similar to other HLA molecules, HLA-F can form a complex 
with (32 microglobulin. 

Role of Non-Classical MHC Class I 
Molecules in Antigen Presentation 

Among the 7 HLA-G isoforms described so far, only HLA- 
Gl and HLA-G5 contain a peptide-binding region. Diehl and 
collaborators demonstrated that HLA-G-associated peptides 
correspond to classical MHC class I antigenic peptides originating 
from the proteolysis of intracellular proteins. 13 

HLA-E binds hydrophobic nanopeptides derived from the 
N-terminal leader sequences of MHC class I molecules, stress 
related-factors and pathogen-associated proteins. During 
transmembrane translocation, the signal peptide of these 
molecules is cleaved of by the signal peptide peptidase and 
remains in the endoplasmic reticulum (ER) membrane. The 
peptide is thus processed by the signal peptide peptidase and 
its hydrophilic part released back into the cytoplasm. Therein, 
it undergoes further trimming by the proteasome and can 



be transported into the ER by the transporter associated 
with antigen presentation (TAP) system, eventually binding 
HLA-E. 14 ' 17 

It has been demonstrated that HLA-E and -G present antigenic 
peptides to T cells, a process that plays an important role in some 
lines of antiviral defense. 18,19 So far, no report has been published 
demonstrating that HLA-F molecules also mediate antigen 
presentation. 

Role of Non-Classical MHC Class I molecules 
Immune Regulation and Cancer 

HLA-G 

In healthy individuals, the transcription of HLA-G takes 
place in most cells, but the expression of the corresponding 
protein is restricted to specific tissues including trophoblast, 
thymic epithelium, corneal keratocytes, as well as erythroid and 
endothelial precursors. In embryonic tissues, HLA-G can be 
detected from the oocyte to the blastocyst stage, erythroid cells 
and all organs involved in erythropoiesis. 8 HLA-G molecules 
expressed on trophoblasts effectively suppress local immune 
responses in the placenta and hence contribute to maternal-fetal 
tolerance, a mechanism whereby the fetus is not recognized as 
a non-self tissue. 20 In addition, HLA-G is expressed following 
organ transplantation, viral infection, inflammatory conditions 
and autoimmune diseases. 15,21 ' 25 Interestingly, ectopic HLA-G 
expression by tumor cells has first been described in 1998. Based 
on previous data suggesting that HLA-G2 strongly inhibits the 
lytic activity of NK cells in vitro, Paul and collaborators reported 
the inhibition of melanoma cell lysis by NK cells. The authors 
hypothesized that HLA-G plays a role in protecting cancer 
cells from NK- and cytotoxic T lymphocyte (CTL) -mediated 
destruction by binding to leukocyte immunoglobulin-like 
receptor, subfamily B (with TM and ITIM domains), member 
1 (LILRB1, best known as ILT-2). This observation suggested 
that cancer cells in general might overexpress HLA-G to evade 
the host immune system. Since then, HLA-G expression has 
been detected in various types of cancers including melanomas, 
carcinomas (breast, renal, ovarian, lung, and colorectal) and 
leukemia. 26,27 Recently, Agaugue and collaborators demonstrated 
the expression of HLA-G on the surface of malignant cells induces 
the expansion of myeloid-derived suppressor cells (MDSCs) and 
shift cytokine production toward a Th2 profile. 28 Interestingly, 
it has also been shown that cancer cells also transfer membrane 
patches to activated NK cells, a phenomenon that has been 
named trogocytosis. 29 ' 31 As the result of this process, NK cells 
receive HLA-G1 molecules, stop proliferating and become able to 
inhibit the cytotoxic effector functions of neighboring NK cells. 
In addition, high levels of soluble forms of HLA-G (sHLA-G) 
have been detected in the sera and ascites of melanoma, glioma, 
ovarian cancer and breast carcinoma patients. 32 ' 35 The circulating 
levels of sHLA-G have been shown to correlate with advanced 
disease stage and increased tumor load. 32 Importantly, sHLA-G 
molecules are secreted not only by tumor cells but also by tumor- 
activated monocytes and T cells. 36 Tumor-associated myeloid 
cells such as monocytes and macrophages are usually a bad 
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Figure 1. Immunological mechanisms of HLA-G-mediated immunosuppression by cancer cells. Cancer cells expose HLA-G molecules (in green) on 
their surface or secrete it (HLA-G5), inducing the apoptotic demise of effector cells. The transfer of HLA-G-containing membranes to T and natural 
killer (NK) cells renders them immunosuppressive. The binding of HLA-G1 to inhibitory receptors such as ILT-2 and ILT-4 mediated immunosuppressive 
mechanisms in a variety of immune cells. ARG-1, arginase 1; iDC, immature dendritic cell; IFN7, interferon 7; IL-10, interleukin-10; iNOS, inducible nitric 
oxide synthase; TGFp, transforming growth factor (3; Tol DC, tolerogenic dendritic cell. 



prognostic feature, as they exert robust immunosuppressive 
effects. 37 In this context, the secretion of sHLA-G contributes to 
the immunosuppressive functions of tumor-infiltrating myeloid 
cells not only locally, at the tumor site, but also systemically. 
Elevated circulating levels of sHLA-G have been observed in the 
presence of interferon 7 (IFN7) 38 and interleukin (IL) -10. 39,40 
Other cytokine cocktails can stimulate the production of HLA-G 
(reviewed in ref. 41). 

HLA-G limit the activity of effector cells by binding to 
inhibitory receptors ILT-2, LILRB2 (best known as ILT-4) 
and killer cell immunoglobulin-like receptor, 2 domains, long 
cytoplasmic tail, 4 (KIR2DL4) on NK cells, T and B lymphocytes 
as well as APCs. sHLA-G binds to the CD8 + co-receptor (as other 
sHLA molecules do) and induces apoptosis. 42 Moreover, Fond 
and collaborators have demonstrated the ability of sHLA-G to 
bind CD160, hence stimulating angiogenesis. 43,44 Le Maoult and 
coworkers demonstrated that HLA-G promotes the expression of 



increased levels of inhibitory receptors. 45 The binding partners 
of HLA-G are summarized in Table 1. 

As demonstrated by several authors, the role of HLA-G 
in oncogenesis and tumor progression does not stem from its 
contribution to antigen presentation, and therefore deviates from 
that of classical MHC molecules. HLA-G triggers inhibitory 
receptors instead, hence switching off the effector function of 
multiple antitumor immune effectors (Fig. 1). The concerted 
efforts of several groups over the recent years have unveiled the 
molecular mechanisms underlying such an activity of HLA-G. In 
particular, it has been shown that renal carcinoma and melanoma 
cells expressing HLA-G are protected from the cytotoxic activity 
of NK cells and antigen-specific CD8 + T cells. This protective 
effect can be abolished by the administration of HLA-G-specific 
antibodies. 46,47 Ristich and collaborators demonstrated HLA-G 
inhibits the maturation and activation of myeloid DCs at 
fetal-maternal interface, hence promoting the development of 
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Table 1. Types of HLA-G/E/F receptors and expression on the cells 
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tolerogenic DCs that suppress CD4* and CD8* T cells. 48 The 
same group described the involvement of IL-6 signaling and 
signal transducer and activator of transcription 3 (STAT3) 
in this process. 48,49 It is possible, yet remains to be formally 
demonstrated, that cancer cells tolerize DCs in a similar fashion. 
HLA-E 

Similar to HLA-G, HLA-E is expressed on the surface of the 
trophoblastic cells (during pregnancy) as well as following organ 
transplantation, viral infection, inflammatory conditions, and 
autoimmune diseases (reviewed in ref. 50). The transcription 
of HLA-E has been detected in almost all cell types, although 
the expression of the corresponding protein on the cell surface 
is mainly restricted to endothelial cells, T and B lymphocytes, 
monocytes, and macrophages. Interestingly, while cells of the 
immune system express HLA-E at high levels, endothelial cells 
exhibit reduced levels of HLA-E on their surface, much lower 
than those of most MHC class la genes. Only when endothelial 
cells are exposed to pro-inflammatory cytokines such as tumor 
necrosis factor a (TNFa) IL-1(3 and IFN7, they produce and 
display on the surface increased levels of HLA-E. Such an 
upregulation also results in HLA-E secretion. 51 The precise 
mechanism underlying sHLA-E production remains to be 
determined. Secreted forms of HLA-E may indeed originate from 
translation of an alternatively spliced transcript or, as suggested by 
several authors, result from metalloprotease-dependent shedding 
of membrane-bound HLA-E molecules. These possibilities 
are not mutually exclusive. 51,52 The upregulation of HLA-E 
on the surface of endothelial cells correlates with an increased 
protection against the effector functions of NK cells, hence 
constituting a potential means of controlling excessive cytotoxic 
responses. Increased levels of surface-exposed and soluble HLA-E 
were observed in cultured melanoma cells. 53 In this setting, 
NK cytotoxicity was increased upon blocking HLA-E or HLA-E- 
dependent ligand-receptor interactions with specific antibodies. 
Some evidence indicates that HLA-G could act in concert with 
HLA-E in immune regulation. Thus, it has been proposed that 
some HLA-G isoforms stimulate the expression of HLA-E on 
the cell surface. 54 Braud and collaborators have shown that this 
process (the upregulation of HLA-E on the cell surface) is TAP- 
and tapasin-dependent. 17 Some authors propose that low levels 
of surface-exposed HLA-E result from low-affinity interactions 



with (32 microglobulin and inefficient peptide loading in the 
ER. 55,56 HLA-E binds killer cell lectin-like receptor subfamily 
C, member 1 (KLRC1, an activatory receptor best known as 
NKG2A) and KLRC2 (an inhibitory receptor best known as 
NKG2C) on NK cells, T lymphocytes and macrophages. The 
binding of HLA-E to NKG2A is much stronger than that to 
NKG2C, suggesting a subordinate role of this latter interaction 
in normal conditions. 57 Michaelsson and collaborators have 
demonstrated that, upon binding to heat-shock protein-derived 
peptides, HLA-E loses its affinity for NKG2A, pointing to the 
existence of a peptide-dependent mechanism that regulates 
HLA-E functions. 58 Interestingly, several groups have observed 
an interaction between peptide-loaded HLA-E molecules and the 
T-cell receptor (TCR) of CD8 + T cells, 59 and CD160 (in thus far 
resembling HLA-G). 60 The interaction of HLA-E with the TCR 
have been ascribed an important role in antiviral responses. 18 
However, the binding of HLA-E to the TCR might also stimulate 
the generation of CD8 + regulatory T cells (Tregs). 61 Although it 
might be possible that the peptide presented by HLA-E would 
play a critical role in this settings, such a dual functionality has 
not yet been elucidated in detail. 

Alike HLA-G, HLA-E is expressed to high levels by different 
types of cancer, including lymphomas, 62 melanomas, 53 gliomas, 63 
and carcinomas. 64,65 In some of these scenarios, HLA-E expression 
levels have been correlated with its tolerogenic activity. The effects 
of HLA-E on immune effectors are summarized in Figure 2. 

HLA-F 

Although HLA-F was first described together with other 
MHC class lb molecules, it represents the most enigmatic member 
of this protein family. HLA-F is expressed by peripheral blood 
B cells, B-cell lines as well as by all tissues containing B cells 
(adult tonsils, thymus, bladder, skin, and the fetal liver, major 
sites of B-cell development). 66 HLA-F has also been detected 
in embryonic tissues, including the extravillous trophoblasts 
invading maternal deciduas, and in spermatozoids. 67 " 69 The 
expression of HLA-F by trophoblasts correlates with the 
protection of the fetus from destruction by the maternal immune 
system, an observation that also applies to HLA-G and -E. 

The majority of HLA-F is localize within the cell. Recently, 
HLA-F was detected on the surface of activated B-, T-, and 
NK cells. 70 HLA-F molecules exposed form a complex with 
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Figure 2. Immunological mechanisms of HLA-E-mediated immunosuppression by cancer cells. In Cancer cells expose HLA-G (in green) and HLA-E (in 
red) molecules of their surface. The secretion of HLA-E induces apoptosis in immune effectors. Moreover, in the presence of interferon y (IFN-y), HLA-G 
and HLA-E molecules are expressed at increased levels on the surface of both cancer cells and CD4 + T lymphocytes. The binding of HLA-E expressed on 
CD4 + T cells to the T-cell receptor (TCR) of CD4 + T lymphocytes can induce the differentiation of the latter into regulatory CD8 + T cells (CD8 + reg). The 
binding of HLA-E to NKG2A inhibits the cytotoxic functions of CD8+T lymphocytes and NK cells. 



(32 microglobulin and can bind ILT-2 and ILT-4. 71 Boyle and 
coworkers investigated the mechanisms whereby HLA-F is 
transported to the cell surface and proved that this process relies 
on the cytoplasmic tail of HLA-F, something that differentiates 
HLA-F from other MHC class I molecules. 72 Different authors 
disagree on the fact that the exposure of HLA-F on the cell 
surface might depend or not on tapasin and TAP. 73 The presence 
of HLA-F molecules on activated lymphocytes but not on Tregs 
suggests that HLA-F might be involved in providing signals that 
invoke the tolerogenic function of Tregs upon the secretion of 
anti-inflammatory cytokines. 70 Thus, HLA-F may mediate 
important immunosuppressive functions that regulate the 
maternal tolerance to the fetus. 

Gobin and coworkers performed a study on non-classical 
HLA promoter regions and found that HLA-F transcription 
can be induced by IFN7. 74 HLA-F-coding transcripts have been 
detected in various cancer tissues. In addition, HLA-F-specific 
antibodies are present at increased levels in the serum of patients 
affected by multiple types of cancer. 75 The analysis of HLA-F 
expression in a cohort of esophageal squamous cell carcinoma 
patients revealed that high HLA-F levels correlate with poor 
disease outcome. 76 Similar results were obtained in patients with 
non-small lung carcinoma. 77 

Conclusions 

HLA-G, -E, and -F are important regulators of the immune 
system and their role in tumor immunology is attracting a 
steadily growing interest. The upregulation of HLA-G, -E, 



and -F following IFN7 stimulation suggests that non-classical 
MHC class I molecules may be involved in negative feedback 
responses to potentially harmful pro-inflammatory responses. 
Inflammation is also one of the hallmarks of cancer. While 
inflammatory responses are required to eliminate cancer cells, 
they also trigger strong immunoregulatory mechanisms that 
limit the recognition of malignant cells by the immune system, 
hence favoring tumor progression. Thus, tumor-caused results 
in the recruitment strongly immunosuppressive cells such as 
Tregs, MDSCs and tumor-infiltrating macrophages. Non- 
classical MHC class I molecules constitute another means 
whereby malignant cells escape immunosurveillance. Indeed, 
these molecules inhibit the activity of the immune system by 
binding to inhibitory receptors expressed by effector cells, 
hence suppressing their functions or inducing their apoptotic 
demise. 42,78 Unfortunately, data concerning HLA-F are scarce. 
Alike other non-classical MHC class I molecules, HLA-F 
molecules contribute to the maintenance of tolerance to semi- 
allogenic fetal allografts. Perhaps, HLA-F might exert similar 
immunosuppressive effects in cancer. 

Based on the observation presented above, several groups have 
proposed the use of HLA-G and HLA-E as cancer biomarkers 
upon detection with ELISA or in situ immunostaining. Some 
authors have suggested that the presence of non-classical 
MHC class I molecules can be a predictor of poor prognosis. 79 " 81 
Even though some studies classify HLA-E as rather neutral, 82 or 
even favorable, 83,84 for disease outcome, accumulating evidence 
indicated that HLA-E overexpression is associated with poor 
prognosis. 
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In summary, a growing amount of data highlights an 
important role of non-classical MHC class I molecules in 
immune regulation and cancer. Thus, the molecules might 
become an important target for anticancer immunotherapy. 
Interfering with the functions of non-classical MHC class I 
molecules might robustly boost the antineoplastic potential 
of cytotoxic effectors while antagonizing the activity of 
intrinsically immunosuppressive cells. The specific mechanisms 
whereby these molecules control excessive inflammation are 
currently under investigation for therapeutic purposes, not only 
in the context of anticancer immunotherapy. 
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